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(54) Variable-capacity turbine 

(57) The object of this invention is to eliminate the 
quantity of exhaust gas supplied to the turbine without 
going through the channels between the nozzle vanes 
provided in a variable-capacity turbocharger. The noz- 
zle unit (100) in the turbocharger (10) has a mounting 
plate (1 02) and a side plate (1 06) installed in a recession 
(20) provided in the housing (20) in such a way that the 
side plate can move in the recession, both of which are 
provided parallel to the turbine shaft; a pushing means 
(116,150) to push the side plate toward the mounting 
plate (102); and a limiting means (108) to limit the move- 
ment of the side plate parallel to the turbine shaft toward 
the mounting plate (102). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention concerns a variable-capacity 
turbocharger. More specifically, It concerns an improve- 
ment of a nozzle unit for supplying the exhaust gases to 
the turbine. 

Description of the Related Art 

[0002] A turbocharger is an effective means to in- 
crease the output of an internal combustion engine. A 
turbine is rotated by the exhaust gas from the engine, 
and a compressor mounted on the same shaft as the 
turbine pressurizes the air supplied to the engine. Tur- 
bochargers are currently installed in a variety of en- 
gines. However, the flow rate of the exhaust gas varies 
with the speed of the engine's revolution. The flow rate 
of the exhaust gas which is actually supplied from the 
engine will not always be that needed to produce the 
ideal operating conditions for the supercharger. To rec- 
tify this situation and allow the turbocharger's capacity 
to be used to its best advantage, the variable-capacity 
turbocharger has been developed. In a variable-capac- 
ity turbocharger, the flow of the exhaust gas in the tur- 
bine compartment is regulated according to the operat- 
ing state of the internal combustion engine. 
[0003] This sort of variable-capacity turbocharger has 
a number of nozzle vanes on the nozzle unit of the tur- 
bine, which is inside a housing. Figure 8 shows a partial 
cross section of the nozzle unit in a variable-capacity 
turbocharger belonging to the prior art. 
[0004] In Figure 8, turbine 228 is supported by bear- 
i-ngs 231 in the main housing 230 of the variable-capac- 
ity turbocharger in such a way that It is free to rotate. 
The exhaust gas from the internal combustion engine 
flows Into housing 220 through the intake port of the var- 
iable-capacity turbocharger. it is supplied to turbine 228 
by way of scroll channel 226 which is formed in housing 
220, and nozzle unit 210 which forms the inlet to the 
turbine 228. The exhaust gas supplied to turbine 228 is 
then exhausted through the exhaust port after it has driv- 
en the turbine 228. 

[0005] Nozzle unit 21 0 comprises mounting plate 202, 
which Is fixed to housing 220, and side plate 206, which 
is placed opposite mounting plate 202. A number of noz- 
zle vanes 204 are placed at equal Intervals along the 
circumference between the two plates. Side plate 206 
is fixed to mounting plate 202 by supporting bolt 208, 
which goes through the plate 206. Nozzle vanes 204 
have a shaft portion 204a. They are mounted on mount- 
ing plate 202 In such a way that they are free to rotate 
with the shaft portion 204a. 

[0006] Because side plate 206 is fixed in place by sup- 
port bolt 208, the heat of the exhaust gas which is sup- 



plied to the turbine raises its temperature, causing it to 
thermally deform. A space Is provided between nozzle 
vanes 204 and side plate 206, as in Figure 8, in order 
to prevent nozzle vanes 204 from catching or sticking 

5 during rotation and allow them to operate smooth ly. This 
is why in variable-capacity turbochargers of the prior art 
a portion of the exhaust gas being supplied to scroll * 
channel 226 is routed through the space between noz- 
zle vanes 204 and side plate 206 and supplied to turbine 

10 228 without going through the area around nozzie vanes 1 
204. In the prior art design, then, because some of the 
gas is supplied to turbine 228 without passing through 
the channel around vanes 204, the efficiency of the var- 
iable-capacity turbocharger decreases. 

15 

SUMMARY OF THE INVENTION 

[0007] This invention is to solve the shortcomings of 
the prior art design described above. The object of this 

20 invention is to minimize as much as possible or eliminate 
the quantity of exhaust gas supplied to the turbine with- 
out going through the channels between the nozzle 
vanes. This invention is also effective at minimizing the 
quantity of exhaust gas supplied to the turbine from be- 

25 hind the side plate without going through the nozzle unit. 
[0008] The variable-capacity turbocharger which con- 
trol the opening degree of the nozzle vanes, has: a tur- 
bine provided in a housing, which is free to rotate on a 
turbine shaft; a plurality of nozzle vanes arranged in noz- 

30 zle units around the turbine in the housing; a link plate 
which rotates freely around the turbine provided in the 
housing, which is connected to the nozzie vanes by 
means of a plurality of levers, and which continuously 
moves the nozzle vanes synchronously between the 

35 open and closed positions; and an actuator outside the 
housing, which is connected to the link plate through a 
transmission mechanism. The turbocharger according 
to this invention is distinguished by the following fea- 
tures. It has a mounting plate fixed to the housing, and 

40 a side plate installed in a recession provided in the hous- 
ing in such a way that the side plate can move in the 
recession, both of which are provided parallel to the tur- 
bine shaft; a pushing means to push the side plate to- 
ward the mounting plate; and a limiting means to limit 

45 the movement of the side plate parallel to the turbine 
shaft toward the mounting plate. 
[0009] The pushing means to push the side plate can 
be a pressure chamber created between the side plate 
and the recession, or a spring plate mounted between 

50 said side plate and said recession. 

[0010] The side plate has a doughnut shape whose 
center is the turbine shaft. The recession has a diameter 
slightly greater than the diameter of the side plate, and t 
the recession also has on the inner surface a round pro- 

55 jection which protrudes parallel to the turbine shaft to- 
ward the side piate. The spring plate is engaged with 
and fixed to the round projection. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 is a lateral view of the exterior of a 
variable-capacity turbocharger in which this invention is 
implemented. 

[001 2] Figure 2 is a cross section of the turbine com- 
partment in the first preferred embodiment. 
[0013] Figure 3 is a partially cut away frontal view of 
the variable-capacity turbocharger in Figure 1 . 
[001 4] Figure 4 is an enlargement of a portion of Fig- 
ure 3. It shows the transmission mechanism which 
transmits the action of the actuator to the link plate and 
the elements which link the two. 
[001 5] Rgure 5 is a plan view of the link plate. 
[001 6] Figure 6 is an exploded view of the transmis- 
sion mechanism to transmit the action of the actuator to 
the (Ink plate. 

[0017] Rgure 7 is a cross section of the turbine com- 
partment in the second preferred embodiment of this in- 
vention. 

[0018] Figure 8 is a partial enlarged cross section of 
a nozzle unit belonging to the prior art. 
[0019] In these drawings, 10 is turbine casing, 50 is 
actuator, 52 is rod, 54 is link member, 104 is nozzle 
vane, 106 is side plate, 112 is link plate, 116 is spring 
plate, 114 is lever, 120 is swinging member, 130 is 
bridge, 140 is roller, 150 is pressure chamber. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] In this section we shall explain several pre- 
ferred embodiments of this Invention with reference to 
the appended drawings. Whenever the shapes, relative 
positions and other aspects of the parts described in the 
embodiments are not clearly defined, the scope of the 
invention is not limited only to the parts shown, which 
are meant merely for the purpose of illustration. 
[0021] In this section we shall explain two preferred 
embodiments of the invention with reference to the ap- 
pended drawings. 

[0022] Rgure 1 illustrates the external appearance of 
a variable-capacity turbocharger 10 in which this inven- 
tion has been implemented. Variable-capacity turbo- 
charger 10 Includes a housing, which comprises turbine 
housing 20, compressor housing 40 and main housing 
30, which is between turbine housing 20 and compres- 
sor housing 40. Turbine housing 20 has an intake port 
22 and an exhaust port 24. Compressor housing 40 has 
an intake port 44 and a discharge port 42. 
[0023] On the outside of the housings 20, 30 and 40 
is actuator 50, which drives the nozzle vanes (to be ex- 
plained shortly). Actuator 50 uses air pressure, or more 
specifically it uses the negative pressure of the air 
sucked into the internal combustion engine (not pic- 
tured) on which the variable-capacity turbocharger 10 is 
installed, to cause rod 52 to move forward and back. 
[0024] The turbine compartment, specially main 



housing, according to the first preferred embodiment is 
shown in Figure 2. As can be seen In Rgure 2, turbine 
shaft 32 is supported in main housing 30 in such a way 
that it is free to rotate. Turbine 28, which is mounted to 

5 one end of turbine shaft 32, is inside turbine housing 20. 
The compressor impeller (not pictured), of course, is 
mounted to the other end of turbine shaft 32 In compres- 
sor housing 40. The exhaust gas from the Internal com- 
bustion engine is conducted from Intake port 22 Into tur- 

10 bine housing 20. It Is supplied to turbine 28 through 
scroll channel 26, which Is created on the Inside of tur- 
bine housing 20, and nozzle unit 100, which is the inlet 
to turbine 28. After It drives the turbine 28, the exhaust 
gas which was supplied is exhausted through exhaust 

is port 24. 

[0025] Nozzle unit 1 00 comprises mounting piate 1 02, 
which is fixed to turbine housing 20, and side plate 106, 
which faces mounting plate 102 and Is mounted In the 
axial direction. A number of nozzle vanes 104 are placed 
between the two plates at regular intervals along the cir- 
cumference of the shaft. Side plate 1 06 is a circular com- 
ponent which extends In a radial direction in a plane per- 
pendicular to the axis of the shaft of turbine 28. It is 
mounted in such a way that it can move in the axial di- 
rection in recess 20a, a recess provided for it in turbine 
housing 20. In nozzle unit 1 00, a number of support bolts 
108 are provided at regular intervals along the circum- 
ference of the shaft to serve as the means to limit the 
movement of side plate 106 in the axial direction toward 
mounting plate 102. 

[0026] As mentioned, In prior art designs a space is 
provided between side plate 106 and nozzle vanes 104 
to accommodate the thermal deformation of side plate 
106. With this embodiment, as shall be explained short- 
ly, the difference in the dimensions of the outer diameter 
of side plate 106 and the inner diameter of recess 20a 
is the minimal difference which will still allow side plate 
106 to move in the axial direction. The space between 
side plate 1 06 and nozzle vanes 104 thus effectively be- 
comes nonexistent 

[0027] A spring plate 116 is provided between side 
plate 106 and turbine housing 20 as the pushing means 
to push the side plate. Spring plate 116 has an annular 
portion 116a, which is on a surface roughly perpendic- 
ular to the axis of turbine 28, and a cylindrical mounting 
portion 1 16b, which extends in the axial direction toward 
turbine 28 from the inner edge of the flange 1 16a. An- 
nular portion 116a of spring plate 116 is in contact with 
the back of side plate 1 06, i.e., the surface of side plate 
106 which is opposite nozzle unit 100. Mounting portion 
116b engages with annular projection 20b, which pro- 
trudes from the surface of recession 20a In the axial di- 
rection toward side plate 106. 

[0028] At the base of nozzle vanes 1 04 is shaft portion 
104a, which is mounted to mounting plate 102 so that 
portion 104a is free to rotate the vanes between the 
open and dosed positions. As shown in Rgures 3 and 
4, the end 104b of each shaft portion 104a of nozzle 
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vane assembly 104 goes through mounting ptate 102 in 
the axiai direction. The shafts are connected to the var- 
ious fevers 114 which correspond to the nozzle vanes. 
(See Figures 3 and 4). The nozzle vane 104 rotates via 
nozzle shaft 104a according to the rotation of lever 1 1 4. 
Each lever 114 has a hole 1 14b to receive the end 104b 
of one of the shaft portions 104a, and a boss, shaft por- 
tion 114a, on the side opposite the hole 114b. 
[0029] The shaft 1 1 4a of lever 1 1 4 can slide within the 
oblong hole 1 1 2d provided at regular intervals along the 
circumference of link plate 112. As shown in Figure 2, 
there is a cylindrical boss 102a on the side of mounting 
plate 102 opposite nozzle unit 100. An annular (ink plate 
112 (See Figure 5) is mounted to the boss 102a so that 
it is free to rotate on the rotational axis of turbine 28. 
Link plate 1 1 2 has a series of oblong holes 1 1 2d at reg- 
ular intervals along its circumference to receive the shaft 
portions 114a of levers 114. Further, link plate 112 has 
on the same surface a trapezoidal elongated portion 
1 1 2a on one side. The end of the elongated portion 1 1 2a 
is divided into two portions to form locking amis 112c. 
The two arms 112c form a rectangular recession 112b. 
[0030] The variable-capacity turbocharger 10 of this 
embodiment also has a transmission mechanism to 
transmit the action of the actuator 50 to link plate 1 1 2 as 
shown in Figures 1 and 2. The transmission mechanism 
includes rod 52 of actuator 50; fink member 54 (see Fig- 
ure 1), which is connected to the end of rod 52 by pin 
50a; swinging member 1 20 (see Figures 2 and 6), which 
is connected to the link member 54; and roller 1 40 and 
bridge 130, which are between member 120 and link 
plate 112, and which serve to connect the transmission 
mechanism to link plate 112. 

[0031] As can be seen in Figure 6, swinging member 
120 comprises arm 122; shaft 124, which extends along 
a given axis O from one end of arm 1 22, and is support- 
ed by turbine housing 20 through sleeve 118 in such a 
way that it can freely rotate; connector 1 28, which is on 
the end of shaft 1 24 and coaxial with it, and connected 
to link member 54 in such a way that it cannot move 
relative to the link member; and pin 126, which extends 
from the side of arm 122 opposite shaft 124 and is par- 
allel to that shaft. Swinging member 120 may be made 
of a metallic material, for example, stainless steel. Ide- 
ally, it should be formed of a single piece of austenftic 
stainless steel. Swinging member 120, arm 122, shaft 
124, connector 128 and pin 126 may be formed sepa- 
rately and welded together. 

[0032] Bridge 130 comprises two flat plates 132, 
which are positioned parallel to each other with a slight 
gap between them, and center unit 1 34, which connects 
the two plates 132. At the center unit 134 provided be- 
tween the two plates 132 is a groove 136 in which the 
locking arms 112c of link plate 112 engage. Part of 
bridge 130, including center unit 134, is removed to the 
middle of the bridge to form cut-away portion 138. The 
two opposed surfaces are parallel and slide against 
each other. As can be seen in Figure 6, when the trans- 



mission mechanism is assembled, the locking unit is 
formed when cut-away portion 138 goes into roller 140, 
which is mounted on pin 126 of swinging member 120. 
Bridge 130 may be made of a metallic material, for ex- 

5 ample, austen'rtic stainless steel. 

[0033] As shown in Figure 6, roller 1 40 Is roughly cy- 
lindrical, with the diameter of it's opening slightly larger 
than the exterior diameter of pin 1 26. The exterior diam- 
eter of the roller is slightly smaller than the gap between 

10 the sliding surfaces 138 of bridge 130. Roller 140 may 
be made of a metallic material, for example, martensite 
stainless steel. 

[0034] In this section we shall explain how this em- 
bodiment operates. 

is [0035] When the internal combustion engine oper- 
ates, as shown in Figure 1 , a negative Intake pressure 
is created according to its rate of revolution and the 
openness of its throttle, and then the pressure is con- 
trolled by a magnetic valve to transmit it to the actuator 

20 50. The actuator 50 operates according to this pressu re. 
Rod 52 moves forward and back in the axial direction 
(to the right and left in Figure 1 ) according to the mag- 
nitude of the negative intake pressure. When rod 52 op- 
erates, link member 54 rotates on shaft 124 of swinging 

25 member 120 in response. As can be seen in Figure 1, 
link member 54, which is shown by solid fines, is in con- 
tact with bolt 56a on the top of stop 56. At this point noz- 
zle vanes 104 are in the open position, the position 
which produces the maximum nozzle opening. When 

30 the engine is operating at low r.p.m., or the throttle is 
only slightly open, actuator 50 draws back rod 52. As 
rod 52 draws as far back as it can go, link member 54 
moves into a position in which It is in contact with bolt • 
56b on the lower portion of stop 56, as shown by the 

35 dotted lines. At this point nozzle vanes 104 are in the 
position which produces the smallest nozzle opening. 
[0036] In this way the linear movement of rod 52 is 
converted by link member 54 into the swinging motion 
of swinging member 1 20. Pin 1 26 of member 1 20 moves 

40 in an arc around axis O of shaft 1 22 as shown In Figures 
4 and 5. At this point pin 126 and roller 140 are in cut- 
away portion 138 in bridge 130, and the pin Is between 
roller 140 and surface 138a. It slides upward and down- 
ward against bridge 1 30 in the relationship shown in Fig- 

45 ure 6, i.e., It slides along the axis of rotation of turbine 
28. At the same time link plate 112 rotates around the 
circumference of boss 1 02a on mounting plate 1 02, with 
the rotary axis of turbine 28 as its center. When link plate 
112 rotates, lever 114, which is connected to link plate 

50 112, rotates along with nozzle vanes 1 04 with shaft 1 04a 
of vanes 104 as Its center. 

[0037] As has been discussed, in prior art designs a 
space is provided between side plate 106 and nozzle 
vanes 104 to accommodate the thermal deformation of 
55 side plate 1 06. For this reason prior art designs allowed 
a portion of the exhaust gas which should have gone 
into the channel between scroll channel 26 and nozzle 
vanes 104 to bypass the area between side plate 106 
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and nozzle vanes 104, Le„ the channel formed by noz- 
zle vanes 104, and be supplied directly to turbine 28. 
This causes the efficiency of variable-capacity turbo- 
charger 10 to decrease. 

[0038] In the prior art design, side plate 206 was fixed 
to mounting plate 202 by support bolt 208. To accom- 
modate the thermal deformation which occurred when 
the temperature of side plate 206 rose, a space had to 
be left between side plate 206 and nozzle vanes 204. A 
portion of the exhaust gas was conducted from the 
channel between the exterior surface of the side plate 
and the interior surface of the recess for the side plate 
along the outside or back of the side plate, i.e., along 
the surface of the side plate's main housing 30. This gas 
was supplied to the turbine without passing through noz- 
zle unit 100. This too caused the efficiency of variable- 
capacity turbocharger 10 to decrease. It was very diffi- 
cult in the prior art to reduce the quantity of gas diverted 
in this way. 

[0039] With this embodiment according to this inven- 
tion, side plate 106 is mounted in recess 20a so that it 
can move in the axial direction. Its position is determined 
by spring plate 1 1 6, which pushes against it toward sup- 
port bolt 1 08. Thus even if side plate 1 06 should become 
hung up in the radial direction in recess 20a, it will still 
be able to move in the axial direction. The thermal de- 
formation of side plate 106 is absorbed within its axial 
movement. This allows the space between side plate 
106 and nozzle vanes 104 to be essentially eliminated. 
[0040] In the embodiment we have been discussing, 
instead of side plate 206 being fixed to mounting piate 
202 by support bolt 208 as in the previous art (see Rgu re 
8), the position of side plate 106 with respect to mount- 
ing plate 102 is determined by allowing it to move in the 
axial direction. Thus the thermal deformation of side 
plate 106 is absorbed within its axial movement When 
side plate 106 engages in recess 20a, it is immobilized 
in its radial direction. Spring plate 116 pushes it toward 
support bolt 108 and immobilizes it in the axial direction. 
Thus side plate 106 is held in position with respect to 
mounting plate 102. In the axial direction, the only force 
operating on side plate 106 in the direction of support 
bolt 108 is provided by spring plate 116. Thus the ther- 
mal deformation of side piate 1 06 is absorbed by its axial 
movement. 

[0041] The pushing means used to push side plate 
106 against support bolt 108 to support bolt 108 need 
not be limited to the spring plate 1 1 6 shown in Figure 2. 
Any means may be used which pushes side plate 106 
toward support bolt 108 while allowing it to move in the 
axiai direction. 

[0042] The second preferred embodiment according 
to this invention is shown in Figure 7. In this embodi- 
ment, all aspects of the configuration aside from the 
pushing means to push the side plate are identical to 
those of the previous embodiment, so we shall not dis- 
cuss them further, but shall explain only those aspects 
which are different. Elements in Figure 7 which are iden- 



tical to those in the previous embodiment have been giv- 
en the same reference number. 
[0043] in Figure 7, recess 20 of turbine housing 20 
contains side plate 106 and pressure chamber 150, 

5 which form the pushing means to push the side plate, rf 
we compare the annular projection 150a in the embod- 
iment in Figure 7 with the annular projection 20b in the 
embodiment in Figure 2, we see that the former is sub- 
stantially longer in its axial dimension so that it comes 

io in contact with the back of side plate 1 06. In the embod- 
iment in Figure 7, just as in the previous embodiment 
shown in Figure 2, the difference between the dimen- 
sions of the interior diameter of recession 20 and exte- 
rior diameter of side plate 106 is the smallest possible 

is difference which will allow side plate 1 06 to move in the 
axial direction. However, in order to completely prevent 
the exhaust gas from leaking out of the space, the pres- 
sure in the pressure chamber is made greater than that 
of nozzle unit 100. As a result, side plate 106 Is pushed 

20 toward support bolt 108 just as in the embodiment in 
Figure 2. To make the pressure in chamber 150 even 
higher, an annular seal 152 may be provided between 
annular projection 150a and the rear surface of side 
plate 106. 

25 

Claims 

1 . A variable-capacity tu rbocharger which controls the 
30 opening degree of the nozzle vanes, comprising: 

a turbine provided in a housing, which is free to 

rotate on a turbine shaft; 

a plurality of nozzle vanes arranged in nozzle 

35 units around said turbine in said housing; 

a link plate which rotates freely around said tur- 
bine provided in said housing, which is connect- 
ed to said nozzle vanes by means of a plurality 
of levers, and which continuously moves said 

40 nozzle vanes synchronously between the open 

and closed positions; 

an actuator outside the housing, which is con- 
nected to said link plate through a transmission 
mechanism; 

45 wherein said nozzle unit comprises: 

a mounting plate fixed to the housing and aside 
plate installed in a recession provided in the 
housing in such a way that said side plate can 
move in said recession, both of which are pro- 

so vided parallel to the turbine shaft; 

a pushing means to push said side piate toward 
said mounting plate; and 
a limiting means to limit the movement of said 
side plate parallel to the turbine shaft toward 

55 said mounting plate. 

2. A variable-capacity turbocharger according to claim 
1 , wherein said pushing means to push said side 
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plate is a pressure chamber created between said 
side plate and said recession. 

3. A variable-capacity turbocharger according to claim 

1, wherein said pushing means to push said side s 
plate Is a spring plate mounted between said side 
plate and said recession. 

4. A variable-capacity turbocharger according to claim 

3, wherein said side plate has a doughnut shape 10 
whose center is the turbine shaft, said recession 
has a diameter slightly greater than the diameter of 
said side plate, said recession also has on the inner 
surface a round projection which protrudes parallel 
to the turbine shaft toward said side plate, and said is 
spring plate is engaged with and fixed to said round 
projection. 
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(57) The object of this invention is to eliminate the 
quantity of exhaust gas supplied to the turbine without 
going through the channels between the nozzle vanes 
provided in a variable-capacity turbocharger. The noz- 
zle unit (100) in the turbocharger (10) has a mounting 
plate (102) and a side plate (106) installed in a recession 
(20) provided in the housing (20) in such a way that the 
side plate can move in the recession, both of which are 
provided parallel to the turbine shaft; a pushing means 
(116,150) to push the side plate toward the mounting 
plate (102); and a limiting means (108) to limit the move- 
ment of the side plate parallel to the turbine shaft toward 
the mounting plate (102). 
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